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INTRODUCTION 

-Since 1976, three reports on oceanographic and meteorological conditions in the North 
Pacific have been produced by the NORPAX Data Program covering the period from June, 
1976 through November, 1977. This is the fourth in the series, and covers the period from 
December, 1977 through May, 1978. This issue contains: contour maps of monthly meaned 
Fleet Numerical Oceanographic Central (FNOC) air temperature, sea temperature, wind speed, 
wind direction, surface vapor pressure, and 700 mb height; NORPAX Data Management calcu¬ 
lated wind stress, wind stress curl, wind shear velocity cubed, sensible heat flux, latent heat 
flux; objectively analyzed TRANSPAC temperatures at discrete depths from White and Bern¬ 
stein (SIO); monthly ADS buoy drifter displacement vectors from McNally (SIO). . 

CONTOUR MAPS 

Contour maps of FNOC (Fleet Numerical Oceanographic Central) fields and calculated flux 
fields are in Figures 2.1-2.11, 3.1-3.11, 4.1-4.11, 5.1-5.11, 6.1-6.11, and 7.1-7.11. TRANSPAC 
contour maps are in Figures 2.12, 3.12, 4.12, 5.12, 6.12, and 7.12. 

The analysis of FNOC fields and NORPAX calculated flux fields are explained in the 
Appendix to this issue. 

XBT’s have been regularly dropped from ships of opportunity in the Pacific since 1974. 
Recovered temperature profile data have been analyzed at Scripps by Bernstein and White and 
temperature residuals from their anomalies were contoured for 0. 60, 120, 200, 300 and 400 
meter depths, by month. 

FREE DRIFTER BUOY DISPLACEMENT VECTORS 

Buoy displacement vectors were plotted in Figures 2.13, 3.13. 4.13, 5.13, 6.13, and 7.13. 
The buoys were drogued at 30 meters. 
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Monthly mean wind shear stress velocity cubed, ts the mean of 6-hourly wind 
shear stress velocity cube<| calculated from wind speed at 10 meters. Contour 
intervals are 0.02 (m/aec) . 


SEA SURFACE TEMPERATURE (DEG.C) DEC 77 



FIGURE A Monthly mean soa surface temperature is the mean of l.’-hourly F'NWC sc 
temperaturi-s. Contour intervals are 1*C. 
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Flt'l’RK 2 .12 Monthly temperature anomalies CC ) contoured at fixed depths. 

Negative anomaly areas are hatch'ired .and isolir.i's ot -/oro anomaly are 
drawn heavily. The crosses mark the positions of the TRANS PM.' XdT 
drops. Increments are in . 1" ' (prepared !>•/ w. Whit*-, Sio). 
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FIGURE Z.ti Monthly buoy tracks. Tracks are drawn from starting point 
at beginning of month to terminal point at end of month. 
Ratio of latitude to longitude is the same as in other 
figures. 
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FIGURE 3^1 Absolute value of monthly mean vector wind velocities at 19^5 meters. 
Contour intervals are 1 m^asc. 
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F*IGURe 3.2 Direction arrows representing directions of monthly mean wind vectors a( 19.5 
meters. Length of arrow shaft indicates wind speed in m/sec. (See scale above 






















LATITUDE (N) LATITUDE (N) 




U STAR CUBED ((M/SEC)**3) JAN 78 



LONGITUDE (E) , 

FIGURE 3.5 Monthly mean wind shear stress velocity cubed, U* la the mean of 6-hourly wind 
shear stress velocity cube<^ calculated from wind speed at 10 meters. Contour 
interval* are 0.02 (m/seel . 
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FIGURE 3.6 Monthly mean aea surface temperature is the mean of 12-hourly FNWC sea surlac 
temperatures. Contour intervals are 1*C. 
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FIGURE-3'. f Monthly mean surface vapor pressure la the mean of 12-hourly FNWC vapor 
pressure at If. 5 meters. Contour Intervals are 1 mb. 
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nOUREjL 10 Monthly mean itmlM, halt flu* leeeee te Ptmoepherel 1* the mean of lZ-hoarly 
eenelble heat flux calculated from FNWC air and aaa temperature and wind 
Utlnf a bulk formula, ^laollnee ^>f aero heat flux are plotted heavily, and ceneeur 
intervals ara t. 0 at 10 cal/cm sec. 
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FIGURE3LU Monthly meia latent heat non (*ccu to atmosphere ) la the, me an of 12-hourly 
latent heat flux calculated from FNWC tea temperature, vapor pressure and 
wind using a bulk formula. v lioline of ayo heat flux are plotted heavily, and 
cpntou/ intervale are 0. 5 x 10" 3 cal/em see. 
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3.13 Monthly buoy tracks. Tracks are drawn from starting 
point at beginning of month to terminal point at end of 
month. Ratio of latitude to longitude is the same as in 
other figures. 
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latent heat flax calculated from FNWC tea temperature, vapor preaaure and 
wind using a bulk formula. Isollne of £^ro heat flux are plotted heavily, and 
contour intervals are 0. 5 x MP* cal/cm sec. 





Monthly temperature anomalies (°C) contoured at fixed depths. 
Neqative anomaly areas are hatc'nured and isoline of zero anomaly are 
drawn heavily. The crosses mark the positions of the TRANSPAC XBT 
drops. Increments are in ,1°C (prepared by W. White, SIO). 
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FIGURE f.ti Monthly buoy tracks. Tracks are drawn from starting 

point at beginning of month to terminal point at end of 
month. Ratio of latitude to longitude is the same as in 
other figures. 
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FIGURE Jl*. 5 Monthly mean wind shear stress velocity cubed, U* is the mean of 6-hourly wind 
shear stress velocity cube^ calculated from wind speed at IQ meters. Contour 
intervals afe 0.02 (m/sec) . 
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FIGURE gb Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface 
temperatures. Contour intervals are 1*C. 
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FIGURED 11 Monthly mean latent heat flux (ocean to atmoephere ) if the mean of 12-hourly 


latent heat flux calculated from FNWC sea temperature, vapor preMure and 
wind using a bulk formula; Uoline of t^ro heat flux are plotted heavily, and 
contour intervale are 0.5 x 10* 3 cal/cm eec. 
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FIGURE S. 13 Monthly buoy tracks. Tracks are drawn from starting 

point at beginning of month to terminal point at end of 
month. Ratio of latitude to longitude is the same as in 
other figures. 
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U STAR CUBED ((M/SEC)**3) APR 76 



SEA SURFACE TEMPERATURE (DEG.C) APR 78 







LATITUDE (N) LATITUDE (N) 


AIR TEMPERATURE (DEG. C) 





700 MB HEIGHT (M) APR 78 











LATITUOE (N) LATITUDE (N) 










LATITUDE (N) 


LATENT HEAT FLUX (10** -3 CAL/CM**2 SEC) AF 



latent heat flux calculated from FNWC sea temperature, vapor preaaure and 
wind using a bulk formula. Isoline of E^ro heat flux are plotted heavily, and 
contour intervale are 0. 5 x 10” 5 cal/cm icc. 
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emperature anomalies (°C) contoured at fixed depths, 
anomaly areas are hatchured and isolines of zero anomaly jr 
ivily. The crosses mark the positions of the TRANdPAC XBT 
ncrements are in . 1°C (prepared by W. White, BIO). 
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FIGURE C.lf Monthly buoy tracks. Tracks are drawn from starting point 
at beginning of month to terminal point at end of month. 
Ratio of latitude to longitude is the same as in other 
figures. 
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Absolute value of monthly mean vector wind velocities at 19.5 meters. 
Contour intervals are 1 m/sec. 
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FIGURE 7.Z Direction arrows representing directions of monthly mean wind vectors st 19 
meters. Length of arrow shaft indicates wind speed in m/ser. <Sr«- scab- al 
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FIGURE J. 7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatur 
Contour intervals are 2*C. 
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FIGURE f. 8 Monthly mean 700 mb height la the mean of l2>hourly FNWC 700 mb helghtt. 
Contour intervals are 2*5 meters. 
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FIGURE7.11 Monthly mean latent heat flux (ocean to atmosphere ) le the mean 0 / 12-hourly 
latent heat flu* calculated from FflWC tea temperature, vapor pressure and 
wind using a bulk formula. Isoline of t^ro heat flux are plotted heavily, and 
contour intervals are 0. 5 x 10’ 3 cal/cm sec. 
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FIGURE 7 .is Monthly buoy tracks. Tracks are drawn from starting 

point at beginning of month to terminal point at end of 
month. Ratio of latitude to longitude is the same as in 
other figures. 
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APPENDIX. Analysis Procedure 

Since some revisions have been made in the calculation of curl of wind stress, and since it 
has been some time since the publication of ADS Report Number 1, which contained a com¬ 
plete outline of the analysis procedure, this appendix is included in this report. 

FNOC data were taken from 63 x 63 polar gridded fields of 6-hourly wind speed and direc¬ 
tion, and 12-hourly 700 mb height, sea surface temperature, air temperature, and vapor pres¬ 
sure. The wind at a ten meter height above sea level was estimated from FNOC 19.5 meter 
winds by an iterative scheme using the neutral flux-profile relationships obtained by Businger et 
al. (1971). Wind stress was calculated from FNOC wind speed and direction using a bulk aero¬ 
dynamic equation: 

t =-puw ** pC d Ul o (A l) 


where 

r = surface stress (dynes/cm 2 ) 
uw = Reynolds stress. ( m 2 sec ~ 2 ) 
p = air density = 1.2923xt(T J g/cm } 

U\o = wind speed at 10 rn (cm/sec) 

Q = 1.3xlO -3 

The drag coefficient C d was found by Smith and Banke (1975) for i/i 0 = 10 m/sec. Verti¬ 
cal component of wind stress curl was calculated on the FNOC northern hemispheric grid using 
polar projection mapping and finite difference approximations. 

The vertical component of wind stress curl is. 


1 

Bfr^sinfl) 

dr# 

/Csintf 

be 

d<t> 


where 0 and <t> are co-latitude and east longitude in polar coordinates, respectively, and r is 
wind stress, R is the Earth’s radius, and r is a unit radius vector. 

A finite differencing method will be used to estimate this equation. However, since the 
data resides on a polar stereographic grid, a finite differencing scheme must be expressed in 
terms of polar stereographic coordinates, and then related to co-latitude and longitude using 



the chain rule. The finite differences are: 

““ r #|c i l ^i l /({i + l — if-l) (A.3) 

- r,|[;_72 ; i-1.63 

* rJfniiv^-V^) (A.4) 

- r,(j:y2J*1.63 

dir+sinO . h 

——— = r^singf;; 1 / (A.S) 

« 7 </ ,sin6i^ i 1 /2;/=l,63 
S^sing) . 

--- r^smoj,,^ 1 /(t>y+|—(A.6) 

* r*sin«|j. + I '/ 2 ;/- 1.63 

where £(g,<f>) and T)(g, <t>) are the abscissa and ordinate grid axes of the 63 x 63 polar stereo¬ 
graphic grid. 

The partial derivatives may be calculated for the polar stereographic mapping equations. 
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and the partial derivatives of £ and tj with respect to 9 and 0 are: 


Jf- * 31205 

a<(> 

$ - 31 - 20! ( 
§ - 


1-cosg 

1+COSg 

1 —cost) 
1-fcosg 

1-COSg I 


■cos (<(>+80) 


■sin (<f>+80) 


1+cosg (1+COSg) 3 


sin (<f>+80) 


■f*--31.205 
o9 


1-cos 9 sing 

1+COSg (1+cosg) 2 


cos (<(>+80) 


(A. 10) 


(All) 


(A.12) 


The vertical component of the wind stress curl can then be estimated, using equations A.2 
through A. 12, as. 


■curlr - l 5 60 ?- 5 1 — )se -'l * sin J c 'H sin(4>+80) 

Rsin9i, 1+cosg,, 6 i,] sing u 


(A. 13) 


-rising 
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Sensible heal flux (cal/cm 1 sec) was obtained using an empirical bulk formula (Friehe and 
Schmitt, 1976): 

S. H.F. = pC n [0.2+C fl U U) fT-T a )] (A.14) 

where 

C p - 0.24 cal/gm"C 
C h = 0.91x10 3 

T, — sea surface temperature 

f, ~ (10 meter) air temperature 

The latent heat flux ( cal/cm 2 sec) was also calculated from a bulk formula (Friehe and 
Schmitt, 1976): 

L.H.F. = LC l .L'M ll ,-Q] (A.15) 

where 

L = 595 cal/gm (heat of evaporation) 

C, - 1.32x10 3 

Q = 0.75 [EAlR(gm m } ) = FNOC vapor pressure] 
ft,- 1.667x10 

Stress, stress-curl and U 3 fields were calculated at OOz, 06z, 12z ; heat fluxes were calcu¬ 
lated for OOz and 12z every day. These calculated fields were then averaged to obtain daily, 5- 
daily, and monthly vector means of wind speed and direction. Monthly means were contoured 
over the region of the North Pacific from 120E to 230E and 20N to 60N. 
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